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ABSTRACT 
In this study, three profluorescent nitroxides 1,1,3,3 
tetramethyldibenzo[e,g]isoindolin-2-yloxyl (TMDBIO), 1,1,3,3-tetramethyl-2,3-
dihydro-2-azaphenalene-2-yloxyl (TMAO) and 5-[2-(4-methoxycarbonyl-phenyl)-
ethenyl]1,1,3,3-tetramethylisoindoline-2-yloxyl (MeCSTMIO) were tested as probes 
for radical-mediated damage in polypropylene arising from both UV and thermally 
initiated sources. These nitroxides possess a very low fluorescence quantum yield 
due to quenching by the nitroxide group; however, when the free-radical moiety is 
removed by reaction with alkyl radicals (to give an alkoxyamine), strong 
fluorescence is observed. The results obtained from this profluorescent nitroxide 
trapping technique compare favourably with other methods of monitoring 
degradation, provided the appropriate probe is chosen for the conditions of oxidation, 
signalling an indication of damage well before other techniques show any response. 
The technique was also applied to the monitoring of crosslinked polyester coating 
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resins. Differentiation in the oxidative stability of the resins was evident after as little 
as 200 minutes where other monitoring techniques require up to 300 hours of 
accelerated degradation. This highlights the sensitivity of this method as well as 
demonstrating the scope of this technique to assess polymer stability. 
 
KEYWORDS: Profluorescent nitroxide; Radical trap; Polypropylene; crosslinked 
polyester; Thermal oxidation; Photo oxidation; Stabilisation; Degradation; 
Fluorescence; Chemiluminescence. 
 
MAIN TEXT 
1. Introduction 
Previously,[1] we have demonstrated a novel degradation-monitoring method which 
employs the profluorescent nitroxide 1,1,3,3 tetramethyldibenzo[e,g]isoindolin-2-
yloxyl (TMDBIO) as a probe for radical mediated, thermo-oxidative damage of 
polypropylene. This method detects radical species in the induction period of 
degradation, where even the most sensitive alternative monitoring techniques such as 
chemiluminescence (CL) or oxygen uptake detect little or no change in the polymer.  
 
In this paper, we expand upon this initial study to describe the performance of two 
new profluorescent nitroxides; 1,1,3,3-tetramethyl-2,3-dihydro-2-azaphenalene-2-
yloxyl (TMAO) and 5-[2-(4-methoxycarbonyl-phenyl)-ethenyl]1,1,3,3-
tetramethylisoindoline-2-yloxyl (MeCSTMIO), for the monitoring of both thermo- 
and photo-oxidative damage in polypropylene. We also apply these novel probes to 
more complex, industrially-relevant coating systems. In this context, resistance to 
both thermo- and photo-oxidation is an extremely important facet of surface coating 
performance. Outer-skin surfaces are regularly exposed to temperatures in excess of 
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90°C when in used in tropical climates. Such conditions accelerate thermal oxidation, 
leading to the formation of chromophores which can lead to further UV induced 
degradation.  
The profluorescent nitroxide technique is shown to be superior when compared with 
classical FTIR-monitoring approach for the analysis of these commercial coatings 
where we are able to rapidly demonstrate stability differences between two cross-
linked polyester/melamine surface coatings.  
 
2. Experimental 
2.1 Materials 
Unstabilised polypropylene was supplied by the Toho Catalyst Company Ltd; and 
had Mn 86,750 g mol
-1
; Mw 318500 g mol
-1
; Mw/Mn 3.7. The properties of this 
material and its oxidation characteristics have been described previously.[2] Melt-
pressed polypropylene plaques (40:40:0.5 mm) were prepared at 180 °C with an 
applied pressure of 10 tonnes over 5 min. The polymer granules were loaded 
between polyacetate sheets on a steel die and were quenched in air after pressing. 
 
The polyester coatings investigated were two resin-only melamine-formaldehyde 
clearcoat formulations from a commercial supplier containing no pigments, 
extenders or photostabilizers. A was a durable system, based upon an aromatic di-
acid rich polyester, while B was known to be less durable, with less aromatic di-acid 
in the formulation. The level of cross-linker in each formulation, on a total resin 
basis, was in the range of 15–20%. Profluorescent nitroxides 1,1,3,3-
tetramethyldibenzo[e,g]isoindolin-2-yloxyl (TMDBIO), 1,1,3,3-tetramethyl-2,3-
dihydro-2-azaphenalene-2-yloxyl (TMAO) and 5-[2-(4-methoxycarbonyl-phenyl)-
ethenyl]1,1,3,3-tetramethylisoindoline-2-yloxyl (MeCSTMIO) were synthesised 
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according to previously reported procedures.[1,3,4] HPLC-grade heptane was used 
for the preparation of doped plaques. All other solvents used during these studies 
were AR grade unless otherwise specified.  
 
2.2 Doping of polypropylene plaques 
Polypropylene plaques were doped by immersion in heptane solutions (5 mM) of 
TMDBIO, TMAO or MeCSTMIO, in the dark, for 3 days. An undoped control 
plaque was treated similarly. Upon removal from the swelling solutions, the plaques 
were rinsed with a minimum of ethanol and placed under high vacuum for 24 h.  
 
2.3 Doping of polyester films 
The additive MeCSTMIO was dissolved in the wet polyester by heating gently with 
stirring. The MeCSTMIO concentration was calculated to be 0.06 %w/w of the 
polyester. Preparation of free films was effected by drawing a small quantity of the 
wet polyester with a wire-wound drawdown bar (# 32) on an aluminium panel to 
which a release coating had previously been applied. The panel was then placed in a 
fan-forced oven set to an air temperature of 262°C. Under these conditions, the film 
achieved cure in 40 seconds at which point the temperature of the metal panel was at 
232°C. After cooling, the panels with the films were allowed to stand in a convection 
oven at 50°C overnight to allow evaporation of residual volatile material.  
 
2.4 Thermo-oxidative degradation of polypropylene and Chemiluminescence 
Polypropylene disks for chemiluminescence analysis were removed from the plaque 
of interest using a 50mm diameter punch. Each disk was weighed accurately and 
placed in an aluminium pan for analysis in the photon counting CL apparatus 
described elsewhere[5]. The sample stage of the instrument was heated to the 
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operating accelerated degradation temperature (150 °C) under a nitrogen atmosphere. 
Once the temperature had stabilised, the sample pan was placed on the stage, the 
atmosphere switched to oxygen at a flow rate of 70 ml min
-1
 and the shutter opened 
to commence photon counting. The photon counts were integrated over 10 s. 
 
2.5 Photo-oxidative degradation of polypropylene 
Polypropylene disks were mounted between two quartz slides and irradiated in a 
Heraeus Sun Test CPS+ device operating at an irradiation level of approximately 765 
W/m
2
. The temperature of the chamber was monitored by thermocouple and held at 
35 °C. 
  
2.6 Spectrofluorimetry and UV-vis spectroscopy 
Spectrofluorimetry was undertaken using a Varian Cary Eclipse fluorescence 
spectrophotometer. Plaques were loaded into a custom made holding device and 
excited at an angle of 45° to the surface, with the emission recorded from the back 
face of the sample, in order to minimise scattering effects. Excitation was performed 
at 290 nm, 294 nm and 325 nm for TMAO, TMDBIO and MeCSTMIO respectively. 
UV-vis spectroscopy was performed on a Varian Cary 50 spectrophotometer.  
 
2.7 FTIR-ATR spectroscopy 
For polypropylene samples, infrared spectra were collected on a Nicolet Nexus 870 
Fourier transform infrared (FTIR) spectrometer equipped with a Smart Endurance 
single bounce horizontal diamond ATR and a TE-cooled deuterated triglycine sulfate 
(DTGS) detector (Nicolet Instrument Corp. Madison, WI). Spectra were recorded 
using 64 scans, 0.6329 cm s
-1
 mirror velocity and 4 cm
-1
 resolution over the range 
4000-525 cm
-1
. Spectra were collected in absorbance mode and an ATR correction 
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applied. Final processing was performed using GRAMS software (Thermo Galactic, 
Woburn, MA). ATR data were normalised and represented as an ‘‘oxidation index’’ 
calculated as the ratio of the integral of the carbonyl absorption (1500-1800 cm
-1
) to 
that of the 1434 cm
-1
 δCH3 asymmetric absorption. 
 
For polyester samples, spectra were collected on a Perkin Elmer SYSTEM 2000 
spectrometer in transmission mode at a resolution of 1cm
-1
 over the spectral range 
4500cm
-1
 to 2000cm
-1
. Data was then normalised and represented as an ‘‘oxidation 
index’’ calculated as the ratio of the integral of the OH/NH absorption (3730 to 2390 
cm
-1
) to the CH absorption (3120cm to 2680 cm
-1
).  
 
3. Results and Discussion 
3.1 Thermo-oxidative degradation of nitroxide-doped polypropylene 
Incorporating the nitroxide additives into the polypropylene by swelling of 
polypropylene samples in 5 mM heptane solutions gave rise to significantly different 
nitroxide dopant levels. The introduction of uniform nitroxide levels by melt pressing 
was not possible because this led to elevated levels of background fluorescence prior 
to thermal aging. Melt pressing presumably generates sufficient radical species that 
can be trapped by the nitroxide thereby producing initial fluorescence. Solvent-
casting of the polypropylene was also found to be problematic as plaques formed this 
manner lacked sufficient optical clarity. Complete removal of the higher boiling 
solvent, used for solvent-casting, required heat as well as vacuum and this again 
caused an increase in the background fluorescence.  
   
Quantification of nitroxide levels within the swelled polypropylene plaques was 
possible using UV-Visible spectrophotometry. By making the assumption that the 
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observed UV-Visible spectra and molar absorptivities of each of the nitroxides in a 
solid polymer solution are similar to those of the nitroxides in a hydrocarbon solvent 
such as cyclohexane, it is possible to make a good estimate of the level of nitroxide 
dopant in the plaques. The calculated molar concentration of nitroxide in PP can be 
found in Figure 2.   
 
Polypropylene discs were degraded at 150°C following the conditions used in the 
previous study of TMDBIO. The disks were monitored by both CL and fluorescence 
spectroscopy which is shown in Figures 3 and 4. Interestingly, TMAO produces little 
or no fluorescence and gives the shortest induction period before CL production even 
though its starting nitroxide-radical concentration was much higher than that of the 
other nitroxide additives. UV-Visible spectroscopy of the degrading, TMAO-doped 
plaque also shows a decrease with time for the peak at 290 nm, attributed to the 
naphthalene chromophore.  
 
As TMAO has the lowest molecular weight it would be more volatile and, therefore, 
would be expected to be lost from the polymer through sublimation. It is also 
possible that the naphthalene ring may be more susceptible to secondary oxidation at 
150°C leading to a loss of the fluorescence through fluorophore degradation. By 
placing a blank, undoped plaque in close proximity to a degrading TMAO plaque it 
was in fact possible to detect TMAO contamination of the undoped plaque via UV-
Vis spectroscopy. This demonstrates that at 150°C TMAO sublimes from the plaque, 
offering reduced protection of the polypropylene. This was also supported to some 
extent by thermogravimetric analysis (TGA), of the TMAO probe, alone, where mass 
loss was observed at temperatures above 145°C.   
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Lowering the experimental temperature to 135 °C, to decrease TMAO sublimation, 
also reduces the difference in the observed induction periods for TMAO- and 
TMDBIO-doped polypropylene (Figure 5). However, despite increased protection, 
there is still only minimal fluorescence observed from the TMAO-doped sample. 
UV-Visible spectroscopy indicates that, after several hours ageing, TMAO is still 
present at a similar concentration to unaged samples. When a TMAO-doped plaque 
is thermally degraded for several hours and then exposed to the radical initiator 
benzoyl peroxide, a substantial increase in fluorescence is observed. As shown in 
Figure 6, benzoyl peroxide addition produces a peak of similar shape to that of the 
methyl adduct. This suggests that both the nitroxide moiety and fluorophore are 
intact at this time.  
 
We suggest that these results reflect an increased reversibility for alkyl radical 
trapping of TMAO compared to TMDBIO. Following radical trapping, the bond 
formed from the nitroxide and macromolecule maybe more labile for the six-
membered azaphenalene system compared to the five-membered isoindoline. As CL 
still indicates stabilizing action for TMAO, which becomes more pronounced at 
lower temperature, we expect TMAO may be protecting the polypropylene through a 
classical, Denisov catalytic process. Commercially available piperidine HALS, are 
thought to impart protection in this manner, however none of the isoindoline 
profluorescent nitroxide systems tested so far display any evidence of such 
reversibility at the temperatures used in these experiments.  
 
When aged in PP, MeCSTMIO displays significantly different behaviour than that 
observed from TMDBIO (as shown in Figures 4 and 5). PP plaques doped with 
MeCSTMIO have the lowest initial nitroxide concentration, yet also showed the 
  9
longest induction period before CL was detected. Notably, maximum fluorescence 
intensity for these plaques coincides with peak CL emission intensity. This is in 
contrast to TMDBIO doped samples in which CL production commenced after 
fluorescence had begun to decrease. Although decreased fluorescence is observed for 
MeCSTMIO plaques, this only occurs after peak CL production when catastrophic 
failure of the PP has occurred. At this stage there is a loss of optical clarity of the 
plaque which would be expected to increase scattering and reabsorption of light, 
therefore decreasing observed fluorescence. This then may be the only reason 
fluorescence decreases in these plaques. Previously, the drop in fluorescence of 
TMDBIO was rationalised by rapid build up of reactive species in the polymer 
attacking the fluorescent adducts after consumption of the protective nitroxide 
additive. The fact that this decrease is not observed in the MeCSTMIO plaques is an 
indication of the greater stability of MeCSTMIO and adducts at these elevated 
temperatures.  
 
3.2 Photo-oxidative degradation of nitroxide-doped polypropylene 
In addition to thermo-oxidative degradation, polypropylene discs containing 
profluorescent nitroxide were also aged by UV exposure in a Heraeus Suntest device 
and levels of degradation monitored by fluorescence (Figure 7) and carbonyl index 
as determined by FTIR (Figure 8). All doped plaques showed a significant decrease 
in rate of carbonyl build-up compared with undoped polypropylene exposed to the 
same UV irradiation. With TMDBIO doped plaques, a steady fluorescence increase 
was observed right from the initial irradiation until reaching a plateau of fluorescence 
after ca. 30 hrs. This illustrates that TMDBIO is actually more versatile than just a 
thermo-oxidative probe of radical damage. In the case of UV-induced accelerated 
aging, TMAO doped samples showed a steady increase in fluorescence similar to 
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that for TMDBIO. This is in contrast to the thermo-oxidative aging studies using 
TMAO where there was no increase in emission intensity. As the UV degradation is 
undertaken at lower temperatures, we expect that these results reflect the greater 
trapping efficiency of TMAO at room temperature compared to 135 or 150°C. 
However TMAO samples did display fluorescence maxima after ca. 25 hr of 
exposure time whereupon detectable fluorescence dropped to around 75 % of the 
peak intensity (Figure 7). The loss of fluorescence probably reflects longer term 
photo-bleaching of the naphthalene fluorophore which has also been seen with other 
profluorescent systems.[6,7] Notably, as indicated by the oxidation index (Figure 8) 
the nitroxide additives all imparted considerable stabilisation no matter what level of 
fluorescence was produced.  
 
In this regard it can be seen that the profluorescent nitroxide, MeCSTMIO, protected 
PP from UV-induced damage as indicated by the decreased carbonyl index. However 
MeCSTMIO-doped PP plaques did not display fluorescence emission. This is in 
contrast with thermo-oxidative studies for this compound where MeCSTMIO-doped 
PP plaques gave the strongest and longest lasting fluorescence emission (Figure 4). 
Stilbene and its derivatives have a rich literature with regard to photochemistry[8] 
and are known to readily undergo cis/trans photo-isomerisation as well as many other 
photo-excited reactions. It is known that trans-stilbene is quite an effective 
fluorophore however, cis-stilbene has a much lower fluorescence emission. When a 
solution of MeCSTMIO in decalin is irradiated in the Heraeus Suntest device a shift 
of the main band of MeCSTMIO from 325 nm to 280 nm was observed reflecting the 
expected trans to cis conversion. It is believed that under the conditions used for 
accelerated aging, the stilbene fluorophore undergoes trans to cis photo-isomerisation 
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and potentially further photo-reactions leading to the observed low fluorescence 
levels. 
 
 3.3 Thermo-oxidative degradation of nitroxide-doped polyesters 
Initial studies involving profluorescent nitroxides have focussed on polypropylene, 
as this polymer readily undergoes oxidation via a relatively simple mechanism that 
has been extensively studied and is well understood. In principle, the profluorescent 
monitoring technique is suitable for monitoring any polymer system that degrades 
via a radical-mediated mechanism. To confirm this, a study of the degradation of 
polyesters was undertaken using the profluorescent nitroxide technique as these 
polymers are commercially relevant and their accelerated degradation and high 
temperature curing has been have been studied by a number of techniques including 
EPR, IR and CL.[9-11] In addition to this, there is extensive data on the degradation 
of polyesters through environmental exposure. In our study we have examined two 
commercially sourced, polyester based coatings, one of which has been previously 
shown to be resistant to thermal oxidation, while the other shows high levels of 
oxidative damage when thermally degraded.  
 
Melamine polyesters possess substantial unsaturation which gives rise to self-
absorption and native fluorescence when excited below ca. 300 nm. These optical 
characteristics preclude the use of TMDBIO (λex = 294 nm and λem = 350-400 nm) 
and TMAO (λex = 290 nm and λem = 300-380 nm). However, MeCSTMIO (λex = 325 
nm and λem = 340-440 nm) was suitable to study the degradation of these polymers. 
Consequently samples of the two polyesters containing MeCSTMIO were aged in an 
oven at 95 °C and fluorescence measurements were taken at regular intervals. The 
accelerated aging temperature of 95 °C was used as it represents the maximum 
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surface temperature of the polyesters when in service and so reflects common 
conditions of thermo-oxidative damage. 
 
A comparison of the fluorescence intensities can be seen in Figure 9. The 
background fluorescence observed in these plaques is higher than previously seen 
with polypropylene. We expect this reflects the presence of the nitroxide during the 
curing process, where alkyl radicals are expected to form and will be scavenged.
 
It 
can be seen from the blank experiments shown in Figure 9 that, under these 
conditions, background fluorescence arising from the polymer matrix alone is 
minimal and, furthermore, little or no fluorescence is generated during the aging 
process.  In a clear indication of the significance of the profluorescent nitroxide 
monitoring technique, differentiation between the stability of the two polyesters was 
apparent after as little as 200 minutes heating at 95 °C in air. Both the total 
fluorescence and rate of fluorescence increase clearly show the higher stability of 
polyester A compared to polyester B. This result compares favourably with classical 
monitoring techniques such as FTIR oxidation index and percentage mass loss of the 
material (as shown in Figures 10 and 11 respectively) which shows the same stability 
trend. The main advantage that the profluorescent technique has over the other, more 
classical monitoring techniques is the time-frame in which damage is detected. Using 
the new technique, pronounced differences could be observed between the two 
polyesters in 200 minutes. Both FTIR and the mass loss index required substantially 
longer periods (300 hours) in order for a meaningful comparison to be undertaken. 
 
It should also be noted that even though polyester A has been shown to have a high 
resistance to thermal oxidation, the profluorescent nitroxide technique is able to 
detect the formation of some radical species as indicated by the slow increase in 
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fluorescence over the (still) relatively short monitoring period (600 min). This would 
be expected to increase at higher temperatures and for extended heating times. Even 
at much lower levels of oxidation, as occurs in sample A, the sensitivity of this 
fluorescence may be able to distinguish between subtle differences in a polymer’s 
relative stability. Surface coating durability is a crucial commercial factor for coating 
manufacturers. While ultimately the performance of a surface coating will depend on 
a number of compositional factors, including the specific combination of pigments in 
a given system, testing the non-pigmented, cross-linked binders is fundamentally 
important to determine those systems which will best withstand demanding in-
service conditions. Previously the most meaningful way to test these systems was to 
employ real-time, outdoor weathering, but this is a long process. To this end, 
commercial suppliers must undertake accelerated aging experiments to determine the 
stability of binder systems particularly in regards to thermal and UV degradation. 
The profluorescent nitroxide trapping technique described here offers the prospect of 
substantially shortening the assessment time required for accelerated testing. 
 
3.4 Conclusions 
Our study demonstrates that using a profluorescent nitroxide additive as a radical 
degradation-monitoring technique has practical relevance beyond the thermo-
oxidation of polypropylene. The initial probe studied, TMDBIO is a robust system, 
and broadly applicable to many systems. The second generation probe molecule such 
as MeCSTMIO and its adducts demonstrate superior thermal stability as well as 
allow different excitation and emission wavelengths to be employed. Investigation 
into the naphthalene-based system, TMAO, indicated that not just the nature of the 
fluorophore, but also the size of the nitroxide-containing ring system impacts on the 
performance of the probe. Profluorescent nitroxides can be employed to monitor the 
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radical-mediated degradation of commercially relevant polymers and by selecting a 
profluorescent nitroxide with an appropriate fluorophore, it is possible to monitor 
polymers with high background absorbance.  
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Figure 1. Nitroxides investigated in this study 
Figure 2. Molar concentration of the nitroxides (TMAO, TMDBIO and 
MeCSTMIO) dopants in polypropylene 
Figure 3. Chemiluminescence of polypropylene that is undoped (1), and doped with:  
TMAO (2), TMDBIO (3) and MeCSTMIO (4), aged in O2 at 150°C 
Figure 4. Fluorescence intensity of polypropylene doped with; MeCSTMIO ( ), 
TMAO (  ) or TMDBIO ( ), aged in O2 at 150°C.
i 
i
 Fluorescence measurements of TMAO and TMDBIO samples were stopped after 200 and 240 min 
respectively as crazing and deterioration of the plaques after this time made measurement impossible. 
Figure 5. Chemiluminescence of polypropylene doped with; TMAO (1) and 
TMDBIO (2) aged in O2 at 135 °C 
Figure 6. Fluorescence intensity of polypropylene plaques doped with TMAO, aged 
in O2 at 120°C for; 0 mins (1), 180 mins (2), 180 mins then BPO initiator for 15 mins 
(3). Also shown is the Methoxyamine adduct of TMAO (--) 
Figure 7. Fluorescence of polypropylene doped with; MeCSTMIO ( ), TMAO (  ) 
or TMDBIO ( ), UV-aged in air at 35°C 
Figure 8. Oxidation indicies as determined by FTIR-ATR of polypropylene doped 
with; MeCSTMIO ( ), TMAO (  ), TMDBIO ( ) and a Blank (×), UV-aged in air 
at 35°C 
Figure 9. Fluorescence of polyesters aged at 95 °C in air; Polyester A undoped (■), 
polyester B undoped (●), polyester A MeCSTMIO-doped (×) and polyester B 
MeCTMIO-doped (▲) 
Figure 10. FTIR oxidation of polyesters aged at 95 °C in air; Polyester A undoped 
(
__
), polyester B undoped (--).Note difference in time scale from Figure 9. 
Figure 11. Percentage mass loss of polyesters aged at 95 °C in air; Polyester A 
undoped (
__
), polyester B undoped (--).Note difference in time scale from Figure 9. 
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Figure 1. Nitroxides investigated in this study 
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Figure 2. Molar concentration of the nitroxides (TMAO, TMDBIO and 
MeCSTMIO) dopants in polypropylene 
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Figure 3. Chemiluminescence of polypropylene that is undoped (1), and doped with: 
TMAO (2), TMDBIO (3) and MeCSTMIO (4), aged in O2 at 150°C 
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Figure 4. Fluorescence intensity of polypropylene doped with; MeCSTMIO ( ), 
TMAO (  ) or TMDBIO ( ), aged in O2 at 150°C.
i 
i
 Fluorescence measurements of TMAO and TMDBIO samples were stopped after 200 and 240 min 
respectively as crazing and deterioration of the plaques after this time made measurement impossible. 
i 
i 
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Figure 5. Chemiluminescence of polypropylene doped with; TMAO (1) and 
TMDBIO (2) aged in O2 at 135 °C 
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Figure 6. Fluorescence intensity of polypropylene plaques doped with TMAO, aged 
in O2 at 120°C for; 0 mins (1), 180 mins (2), 180 mins then BPO initiator for 15 mins 
(3). Also shown is the Methoxyamine adduct of TMAO (--) 
(1) 
(3) 
(2) 
  20
 
0
400
800
1200
0 10 20 30 40 50
Time (hr)
IF
lu
o
re
s
c
e
n
c
e
 (
a
.u
.)
 
 
 
Figure 7. Fluorescence of polypropylene doped with; MeCSTMIO ( ), TMAO (  ) 
or TMDBIO ( ), UV-aged in air at 35°C 
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Figure 8. Oxidation indices as determined by FTIR-ATR of polypropylene doped 
with; MeCSTMIO ( ), TMAO (  ), TMDBIO ( ) and a Blank (×), UV-aged in air 
at 35°C 
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Figure 9. Fluorescence of polyesters aged at 95 °C in air; Polyester A undoped (■), 
polyester B undoped (●), polyester A MeCSTMIO-doped (×) and polyester B 
MeCTMIO-doped (▲) 
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Figure 10. FTIR oxidation of polyesters aged at 95 °C in air; Polyester A undoped 
(
__
), polyester B undoped (--) Note difference in time scale from Figure 9. 
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Figure 11. Percentage mass loss of polyesters aged at 95 °C in air; Polyester A 
undoped (
__
), polyester B undoped (--) Note difference in time scale from Figure 9. 
 
